This paper examines the significance of spatial externalities for youths' school-to-training transitions in Germany. For this purpose, it is necessary to address the methodological question of how an individual's spatial context has to be operationalized with respect to both its extent and the problem of spatial autocorrelation. Our analyses show that the "zone of influence" comprises of the whole of Germany, not only close-by districts, and that these effects differ between structurally weak and strong regions. Consequently, assuming that only close proximity affects individual outcomes may disregard relevant contextual influences, and for spatial models that require an a priori definition of the weights for spatial units, it may be erroneous to make a decision based on this assumption. Concerning spatial autocorrelation, we found that neglecting local spatial autocorrelation at the context level causes considerable bias to the estimates, especially for districts that are close to the home district.
Introduction and State of the Art
There is little doubt that social action and, thus, labor market processes are not just structured in terms of time [1] [2] [3] , but are also localized somewhere [4] [ 5] . But what does this insight mean, exactly, for analyses of contextual effects of opportunity structures on individual labor market outcomes? In recent decades, researchers have become increasingly interested in questions about the regional heterogeneity of labor market conditions, in terms of industry sector and employment structure, for example, as well as in questions of how such regional opportunity structures of labor markets affect several individual outcomes, including individual labor market success [6] [7] [8] [9] . In the literature on these issues, individuals' opportunity structures are commonly construed as regional containers. Accordingly, labor markets as opportunity structures are regarded as isolated regions within which people compete with each other for jobs or training positions; people from different regions as well as the regions themselves, however, are considered to be independent of one another.
This proposition is unrealistic, to be sure. Opportunity structures are not just point-located; rather, they are distributed in space. In other words, they are spread across the landscape instead of being restricted to a regional container.
From this perspective, the impact of local labor market conditions on individual labor market outcomes may be mitigated or reinforced by surrounding areas, which also have an impact on individual outcomes [10] [11] . Hence, neglecting this spatial interrelation may result in underestimating or overestimating regional effects. In this paper, we investigate the relevance of spatial opportunity structures rather than regional opportunity structures for individual labor market processes by examining youths' transitions from school to firm-based vocational training in Germany. To this end, we link retrospectively collected life course data from Germany's National Educational Panel Study with administrative regional time series data at the level of districts (Landkreise).
When analyzing the impact of such spatial externalities [10] , the crucial methodological question is how to model these effects, that is, how the wider spatial context has to be operationalized in order to capture its significance for labor market outcomes. There are two significant dimensions: The first concerns the extent of opportunity structures and the issue of whether it is sufficient to only consider immediately adjacent districts [12] or if a much wider "zone of influence" must be taken into account. This issue is related to the Modifiable Areal Unit Problem which states that the results of spatial data analyses are generally sensitive to the spatial scale and spatial zoning system used [13] . The second dimension concerns the problem of spatial autocorrelation [14] [15] of characteristics at the context level, which arises due to social interrelation and exchange between areal units. Spatial autocorrelation of indicators at the context level may lead to underestimating the effects of local and non-local opportunity structures.
As yet, both methodological questions and their interrelations have not been considered by previous research.
On the Relevance of Spatial Externalities
The concepts "spatial externalities" or "spillover effects" are of particular importance in the theoretical framework of the new economic geography [16] . They refer to interdependencies between observational units in space, such as points, regions, or nations. The idea is that one particular observation somewhere on the landscape is dependent on or influenced by one or several other observations. 1015 Open Journal of Statistics comes generally arise due to social interactions [17] , such as the exchange of resources between relevant actors. However, while having a spatial dimension, these social interactions are not necessarily guided by physical boundaries [11] [18] .
Bearing in mind that labor markets comprise social relations, the picture of a regional labor market that makes up an individual's opportunity structure accordingly falls short-social relations do not simply stop at the boundaries of a regional "container". In contrast, thinking of individuals' opportunity structures in terms of social relations leads to an understanding of individuals' opportunity structures as a wider social system with rather unmarked boundaries. This argument especially holds if the areal units used for data analysis represent (administrative) artificial regions, such as municipalities, districts, or employment agency districts. This is usually the case in the literature: research on the significance of labor market contexts is only rarely based on empirically defined areal units [7] , such as travel to work areas (for the delineation of functional labor market regions, see e.g. Kropp and Schwengler) [19] .
There are two processes relevant for conceptualizing individuals' opportunity structures as a spatial social system. The first process gives promise to individual spatial mobility and the second process concerns spatial pulling effects. The search behavior of youths is not necessarily a geographically static process [20] [21]. In an aggregate data analysis of youths' work commutes in Germany, Bogai et al. [22] point to the importance of mobility in obtaining a training position, depending on the situation in the regional training market and settlement structures as a measure of the degree of (economic) agglomeration of the region.
Whereas densely populated regions with a high supply of training positions show a surplus of commuting inflows, the opposite is true for sparsely populated regions with a low supply of training positions.
From an action theoretical perspective, spatial mobility results from youths' subjective assessments of their situation [23] [24] [25] . They will decide to search for and accept a training spot offer away from home if they expect their utility to be maximized this way. The exact utility function, however, is unclear.
The utility of spatial mobility has to be balanced against both its monetary and non-monetary costs [9] [26] [27] . For instance, apprentices usually have limited financial resources and are under age in many cases, which impedes setting up a household (e.g., in 2015, the average monthly salary in Germany was 832 euros before deductions). Thus, we may assume that youths prefer to minimize commuting costs as much as possible and tend to look for training position offers in the immediate vicinity of their place of residence. In most cases, they restrict themselves to their home district and will only gradually expand their search radius if they fail to find a suitable offer nearby.
The probability of success, in turn, depends on a) the raw supply of training spots available and b) the supply of training spots in a given area relative to the respective supply in the home district. If, for example, the home district offers very few training positions compared to surrounding districts, the initial search terms of quantity and/or quality, compared to the local regional situation [28] [29]. Thus, spatial mobility can be assumed to be directed to "escalator regions" [30] . From this perspective, it is not only the supply of training spots in a given area per se that determines an individual's probability of finding one, but also the relative supply of positions, that is, the supply of training spots in a specific location as compared to others.
If only individual utility maximization processes were considered, as we have done thus far, we would only have to take training positions in districts within reasonable proximity to the place of residence into account. Youths would most likely terminate their search once commuting costs become unacceptable. But on the contextual level of local labor markets, we may additionally assume pulling effects, which result from processes of labor exchange in a long line of (adjacent) districts. For example, take a district with a very high supply of training spots. It will attract youths living in adjacent districts, who will leave training positions in their home district unoccupied. These, in turn, will attract youth living in the next districts and so on. Although training places are strongly concentrated in (urban) centers [31] , these areas are by no means isolated from each other [32] , which means that this cascade will only be interrupted in those districts where no training spots are left unoccupied. Generally, it is conceivable that even districts several hundred kilometers from home have an impact on the search duration or the probability of finding a position. Since these effects are indirect-they are mediated by vacant and filled training spot offers in a long line of adjacent districts-we nevertheless expect nearby districts to have a stronger effect than distant ones.
To sum up, we expect that the probability of finding a training spot will increase given an increasing raw or relative supply of positions. Because of individual spatial mobility and indirect pulling effects on the macro level (district),
we not only expect training spots in the home district to have this effect, but training spots in all German districts. However, the effect should decrease with increasing spatial distance.
Mapping Spatial Opportunity Structures in the Presence of Spatial Interrelation
On a theoretical level, thinking about spatial interrelations between observations leads to an understanding of an individual's opportunity structure as a spatial social system that has to be operationalized as such. However, when mapping an individual's spatial opportunity structure by considering the availability of non-local training positions as well, the spatial interrelation may also concern the indicators at the context level. Spatial interrelation at the context level generally produces homogenizations of the conditions of local labor markets; therefore, using such spatially correlated context data may result in inappropriate inferences about the effect of spatial opportunity structure on individuals' labor market outcomes. In case of high local spatial autocorrelation, the contextual effect of non-local training positions may even go undetected. Following Tobler's first law of geography, which states that "everything is related to everything else, but near things are more related than distant things", this especially holds true for areas that are in close proximity to one another [39] . tractive to apprentices than other areas that are equally distant or even closer [19] . In an exploratory analysis using data about youth unemployment at the level of districts, Wicht [31] demonstrates that infrastructure, operationalized by commuting flows between home and workplace, best captures the correlation in the data. Observed commuting behavior of apprentices, therefore, can be used to explicitly model the spatial correlation at the context level, and can be expected to be a prerequisite for being able to adequately model spatial effects.
Data and Methods

Individual Data and Outcome Variable
We use retrospectively collected life course data on the starting cohort 6-adults by refreshing the ALWA sample and adding older birth cohorts.
In our analyses, we only utilize time-to-event data about youths' transitions from school to training. The outcome variable of interest is individuals' duration of finding a firm-based training position that we measure monthly. We limit ourselves to this particular transition since (in contrast to school-based training, another educational path in the German vocational training system) firm-based training is expected to strongly depend on the labor market situation. The data contains information about the district participants graduated in, but no reliable information on the place of work during apprenticeship. Therefore, we model the probability of a youth finding a training spot somewhere in Germany, conditional on the training market conditions in her home district as well as in all German districts.
Since some of the relevant regional data is only available from 1999 onwards, we are restricted to focus on groups graduating from school between 1999 and 
Regional Data and the Modeling of Individuals' Spatial Opportunity Structures
In order to map an individual's spatial opportunity structure, we make use of a dataset consisting of several N × N matrices that represent the varied pairwise connectivity between administrative regional units at the district level In addition, we use data on commuting flows of apprentices between home and workplace from the Institute for Employment Research [43] , which defines the pairwise connection between the districts by the proportion of commuters from districti to district j compared with all commuters from district i. In contrast to the spatial connectivity matrix based on Euclidean distances, this matrix corresponds to a directed spatial network, that is, for each district it represents the importance of all possible destination districts as a training location for nonlocal youths. We use this measure in order to adjust the effects of the availability of non-local training places for spatial autocorrelation at the context level that mainly arises due to commuting. Likewise, we use discrete measures of the commuting flows from home to the workplace, but define the thresholds according to analytical criteria, as the distribution of the measure is strongly positively skewed.
Beside the category that refers to the connection of one district with itself (where commuting equals zero), we distinguish between the categories "no commuting flows", "commuting flows up to 0.05%", "commuting flows from more than 0.05% to 0.1%", "commuting flows from more than 0.1% to 0.2%", "commuting flows from more than 0.2% to 0.5%", "commuting flows from more than 0.5% to 1%", and "commuting flows of more than 1%". into structurally strong and weak areas, based on the results presented by Bogai et al. [22] , and assume that non-local training market effects are weaker in the structurally weak areas.
Structurally weak states are the East German states, Schleswig-Holstein and Lower Saxony in the Northwest, and Rhineland-Palatinate in the far West. All other West German states and the two city-states, Berlin and Hamburg, are considered to be structurally strong. 2 Additionally, in our analyses we control for the state to capture possible variations of mobility levels due to unobserved variables. Table 1 shows the descriptive results of all individual and contextual variables used in our regression analyses.
Statistical Analyses
The appropriate framework for investigating individual processes is event history (or survival) analysis. We conduct our analyses of youths' transition from school into firm-based training with the aid of a discrete-time event history model [45] [46], as individuals' search times are not measured continuously.
The model we apply corresponds to a binary logistic regression model. The dependent variable is the transition probability from state 0 (completion of school) to state 1 (taking a firm-based training position). The transition probability is defined as the log-odds for the conditional probability of taking a firmbased training position at time t i . Since the transition probability is dependent 2 Our data set does not contain any cases in Bremen, the third city-state. To ensure that Hamburg and Berlin do not determine our results for structurally strong regions, we replicated our analyses with Berlin and Hamburg excluded. The results were the same. where the transition probability is assumed to be constant only within particular time intervals [47] . In order to depict this, we divide the individual search times into four categories (1 to 4 months, 5 to 16 months, 17 to 28 months and more than 28 months), which we use as additional controls in our model.
In order to take the hierarchical structure of our data into account, we make use of a Huber-White sandwich estimator of variances in order to obtain clusterrobust standard errors. In contrast to hierarchical models [34] , which are commonly applied to nested data, this procedure is considerably less computationally demanding. Since we are not interested in the evaluation of variances, we follow this simpler strategy. We specify our model in such a way that person-time-units are nested within the 402 districts and, hence, allow for non-independence of the observations within districts.
Results
In order to investigate the influence of non-local training positions on youths'
probability of finding a spot, we look at both the raw supply of local and non-local training spot offers and the ratio between local and non-local training positions. Both kinds of measures are introduced as interactions with spatial distance. In accordance with our hypotheses, we expect the interaction effects between the raw and the relative supply of training positions, irrespective of their distance to the home district, to increase the probability of finding a spot.
However, to reveal the impact of the availability of non-local training positions, the regression coefficients have to be adjusted for spatial autocorrelation. To demonstrate the relevance of spatial autocorrelation, we compare two regression models, as shown in Table 2 (the complete regression results can be found in Table A1 (a) and Table A1 (b) in the appendix). While in models 1a and 2a, we only consider the interactions between the raw and relative supply of training positions and spatial distance, respectively, in models 1b and 2b we also consider commuting flows of apprentices. This is done by introducing further interaction effects between the raw and relative supply of training spots and commuting flows from home to workplace. Accordingly, while models 1a and 2a show biased estimates, models 1b and 2b are corrected for spatial autocorrelation, which arises due to commuting.
As expected, the main effect for the raw supply of training positions shows that the probability of finding a spot increases with an increasing supply of training places in the first zone-the home district plus 75 kilometers. This applies to both structurally weak and strong regions and to both models a and b.
However, the expected positive effects of the supply of training positions in districts that are too far away from home to be reached by commuting-in other words, the pulling effects on the district level-are not apparent in model 1. In structurally weak regions, we find unexpected negative interaction effects for both the raw and relative supply of training positions, meaning that a strong supply in non-local districts diminishes the individual probability of finding a spot. In structurally strong areas, the interaction effects are positive, as expected, but contrary to our expectations they increase with distance, and are only statistically significant for districts that are more than 300 kilometers away from home.
In models 1b and 2b, spatial autocorrelation is taken into account by controlling for commuting flows between home and workplace. The results show that the estimates in models 1a and 2a are considerably biased due to spatial autocorrelation, which arises due to commuting. In models 1b and 2b, the raw and relative supply of training positions in all zones has statistically significant effects, with the exception of the raw supply in districts located in structurally weak regions that are not more than 225 kilometers from home. Also, the coeffi- tance, a result that does not lend itself to a substantial interpretation. We will discuss these problems in the last section in detail.
All in all, our results show that both the raw and relative supply of training positions throughout Germany have an effect on the probability of finding a spot. To be able to verify these effects, it is necessary to control for spatial autocorrelation; neglecting to do so produces a significant underestimation of the effects of the supply of training spots in all non-local districts, and to false conclusions, specifically for areas relatively close to home.
The relevance of our methodical results can best be shown by means of probabilities instead of logit coefficients. Figure 3 and Figure 4 show these probabil- Table 1 ). Second, the probabilities of maximum spatial autocorrelation are identified by round markers.
A comparison between figures a and b shows that neglecting spatial autocorrelation leads to biased estimates. In structurally weak regions, the predicted probabilities of finding a training position are underestimated in case of zero autocorrelation between a favorable home district and the respective non-local district. If autocorrelation is at its maximum, they are overestimated. For example, in Figure 3(a) , the probability for the home district plus a 75-kilometer radius is 70.7% for favorable districts. In contrast, in Figure 3 conditions are obtained in a district, i.e., a combination of regional structural weakness and isolation or regional structural strength and pronounced connection to other districts, contextual effects are underestimated if spatial autocorrelation is not controlled for. For "mixed" districts-those located in structurally weak but well-connected areas, and isolated districts located in structurally strong areas-contextual effects are overestimated. All this refers to favorable districts that offer a high raw and relative supply of training positions. For unfavorable districts, we find under-and overestimation to be mirror-invertedi.e., an underestimation in "mixed" districts and an overestimation in "extreme" districts-but the bias is small enough to be negligible.
Our results show that the differing patterns of probabilities in structurally Figure 3(b) ). In structurally strong regions-the remaining western states and the city-states-the home district conditions are not decisive. The probabilities for favorable and unfavorable districts, respectively, with or without connections to other regions do not vary significantly (see Figure 4(b) ). What matters more is whether regions further away offer training positions; if they do, the probability of finding a training spot increases markedly for youths living in favorable districts, resulting in an increasing gap between favorable and unfavorable districts. All in all, youths benefit more from an interconnection between districts in structurally strong regions.
With regard to our hypotheses, we were able to verify the assumed positive influence of the raw and relative supply of training positions in the home district and in all other German districts, but only for structurally strong regions. Contrary to our second assumption, however, those benefits gained from non-local districts do not decrease with increasing distance. Our findings for structurally weak regions contradicted the expectations in several aspects. We found effects of non-local districts on the probability of finding a training position; however, not all non-local districts have this effect. The relative supply of training places only has an effect for districts that are more than 225 kilometers away from home (relatedly, in structurally weak regions, the relative supply has an overall weaker effect than the raw supply, while in structurally strong regions the opposite is true). Additionally, the probability of finding a training spot decreases with an increasing supply in non-local districts. We will discuss all open questions in detail in the following section.
Discussion and Conclusions
In this paper we have examined the significance of the spatial opportunity structure for individual labor market outcomes by utilizing the example of youths' transitions from school to firm-based vocational training. When investigating opportunity structures, two methodological issues have to be addressed:
the extent of such structures as well as the presence of spatial autocorrelation.
Regarding the extent of opportunity structures, we must ask whether it is sufficient to only consider the local context. In our case, we have two reasons to assume that non-local conditions additionally affect the outcome. The first is that rather, extends across the landscape. From this perspective, opportunity structures correspond to a wider social system with unmarked boundaries. While our first argument, spatial mobility, is topic-specific and may not be applicable to other research, we believe that our second point is universally valid. Our findings show that in the case of youths' transitions from school to firm-based vocational training, non-local labor market conditions matter. The probability of finding a training spot is affected not only by the supply of positions offered in the home district and its vicinity, but additionally by those presented in districts up to more than 500 kilometers from home. These effects, though, differ markedly depending on the structural strength of the wider region in which the home place is situated. In structurally strong regions-in our case, regions with a positive net trainee balance-the probability of finding an apprenticeship increases with an increasing supply of training spots in non-local districts, as expected. In structurally weak regions, we assumed that these effects would be weaker, but instead an increasing supply of positions in non-local districts is associated with a decreasing probability. The reason for this unexpected result has to be determined by future research. If we consider Windzio's findings [9] [44], we may assume that youths in structurally weak areas are perhaps less mobile and do not widen their search radius beyond the home district and adjacent areas. If, at the same time, training positions are heavily concentrated in a small number of cities, the different distributions of training spots and places of residence may lead to negative correlations such as those we have found. For the moment, we were able to establish that in structurally weak regions, finding a training position depends on local conditions to a far greater extent than in structurally strong regions.
Turning to our second methodological issue, our findings demonstrate that ignoring spatial autocorrelation leads to severely biased estimates. In the sample we analyzed, spatial autocorrelation does not occur at the individual level. We have no clustering of individual observations within districts or in adjacent or nearby districts, as is often the case with countrywide surveys. But at the context level of administrative districts, spatial interrelations lead to spatial autocorrelation, i.e., to a homogenization of the value of the contextual predictor variables of strongly tied areal units. In order to map the actual extent of an individual's spatial opportunity structure, our regression results had to be adjusted for local spatial autocorrelation between the home district and all other districts, respectively. For this purpose, we used data on commuting flows between home and workplace and introduced into our models interaction terms between these commuting flows and our main predictor variables, i.e., the raw and relative supply of training spots.
Our comparison showed that neglecting local spatial autocorrelation leads to considerably biased estimates especially for districts with a distance of up to 300 kilometers to the home district. For youth living in unfavorable districts with a A. Wicht, A. Nonnenmacher Open Journal of Statistics small raw and relative supply of training position offers, the probability of finding a spot is already so small that the bias is negligible. For favorable districts, however, not controlling for spatial autocorrelation is associated with over-or underestimation, depending on the wider region's structural strength and the level of connectedness between the home district and other districts. If either regional structural weakness and isolation or regional structural strength and pronounced connection to other districts are combined, contextual effects are underestimated; for "mixed" districts, i.e., well-connected districts located in structurally weak areas, and isolated districts located in structurally strong areas, contextual effects are overestimated.
However, even though we controlled for spatial autocorrelation, our results give rise to the assumption that our estimations are still biased, because contrary to our second hypothesis, contextual effects for structurally strong areas do not decline with spatial distance. Three possible explanations are conceivable: First, in structurally strong regions indirect pulling effects on the macro level do not decrease with distance; second, they are stronger than the individual level effects of spatial mobility (which are still assumed to decrease with distance); and third, our measure for local spatial autocorrelation-apprentices' commuting flows between the home-district and all other districts respectively-does not entirely capture all spatial interdependencies in the data. There may be indirect pulling effects that result from unobserved processes of labor exchange between all districts in Germany. Such further reaching complex interrelations of districts have to be subject for future research about spatial effects on individual outcomes. Furthermore, the effects of remote districts may especially concern particular group(s) of people, like youths searching for training spots that are only available in a handful of locations in Germany. This may happen if industries or sectors are heavily concentrated, as is the case of biotechnology in southern Germany, North Rhine-Westphalia, and Berlin, or car manufacturing in southern and northern Germany. Lastly, for some occupational fields, the German training system offers only school-based training, so the next question may be whether these transitions are also structured by local and non-local conditions as well.
Our results show that for future analyses of spatial effects certain assumptions may be premature. First, assuming that only close proximity affects individual outcomes may disregard relevant contextual influences of the wider surroundings of the home, workplace, and so on, leading to biased estimates, because the characteristics of the wider surroundings may constitute essential control variables. It is also possible that contextual effects do not decrease with distance.
For spatial models that require an a priori definition of the weights for spatial units, for example, the Spatial Durbin Model, it may therefore be erroneous to make a decision based on this assumption. 
